The authors present a test method for quantifying and reducing systematic errors arising from antenna proximity to lossy objects in over-the-air performance testing of lossy large-form-factor wireless devices. The method determines the extent to which antenna proximity to lossy, large-form-factor objects influences the measured reference power transfer function. The test may be used to pre-characterise a given chamber set-up in terms of a minimum distance between antennas and lossy objects. They illustrate the use of the method in a total radiated power measurement of a large, commercially available, machine-to-machine device, where agreement to anechoic-chamber measurements is demonstrated to within the measurement uncertainty.
Introduction
The implementation of machine-to-machine (M2M) wireless communication systems with large form factors has become more widespread, leading to increased interest in the specifics of testing the over-the-air (OTA) performance of such devices. The relatively low-cost scalability and the potential for rapid test time with reverberation chambers allows cost-effective and efficient testing of large-form-factor devices for cases where specific angle-of-arrival information is not required and/or where multiple angles of arrival of the incident signal are desired [1] [2] [3] [4] [5] [6] . Characterisation steps discussed in [7, 8] require that the device under test (DUT) be placed in the valid 'working volume' of the chamber. For reverberation chambers, this is where the device response is not significantly influenced by the metallic chamber surfaces [9] . For testing involving large-form-factor devices, the working volume may be additionally constrained by proximity to these and other, potentially lossy, objects in the chamber. We present a straightforward empirical test method to assess antenna placement with respect to lossy objects by monitoring the chamber power transfer function for various antenna locations.
A reverberation chamber is, essentially, an electrically large box or room with conducting walls incorporating one or more electromagnetic mode-stirring mechanisms to statistically randomise the fields in the chamber [10] . One commonly used stirring mechanism involves the use of large metallic 'paddles' that rotate or move laterally to produce varying boundary conditions. Another common stirring mechanism involves position stirring, in which an antenna is moved around in the chamber and/or its polarisation is changed. When antennas are placed within the valid working volume of the chamber and the received signal is averaged over a sufficient number of mode-stirring samples, the fields in the chamber are, ideally, spatially uniform and isotropic [9, 10] .
Certain devices under test, such as large-form-factor M2M devices will absorb a portion of the energy present in the chamber, reducing the power measured at the output port of the chamber. This is especially true if the DUT exhibits radio-frequency (RF)-absorbing properties such as commonly used plastics [11] , contains substances such as water [12] , or occupies a significant fraction of the working volume [13] . The received power will also be reduced when the chamber is loaded to provide a wider coherence bandwidth [14] . This expected reduction in received power due to the introduction of lossy objects can be calibrated out by use of a 'reference' measurement of the loaded chamber's transfer function over a complete stirring sequence. However, lossy material may also decrease the uniformity of the averaged fields within the chamber [6, 12, [15] [16] [17] . Such loss of spatial uniformity can increase the measurement uncertainty of a quantity of interest such as radiated power or receiver sensitivity. Increasing the number of mode-stirring samples, in particular those involving position stirring, may reduce this component of measurement uncertainty.
In addition, we showed in [4] [5] [6] that lossy, large-form-factor devices may cause a 'proximity effect' in which the measured received power is further reduced. The proximity effect is a systematic error, shown in [5, 6] to be caused when a physically larger, RF-absorbing object is placed near to either the transmit or the receive antenna. The object may absorb energy directly from the antenna before the energy interacts with the chamber walls or mechanical paddle, decreasing the apparent radiated power. Unlike the reduction in the chamber's reference transfer function due to loading, the proximity effect cannot, to date, be calibrated out. The proximity effect depends on the physical dimensions and material from which the absorbing object is made, as well as the directivity and the orientation of the antennas used in the measurement.
We propose a measurement-based approach that allows users to verify, in a statistical sense, that the reduction in received power, due to the proximity effect, is no more significant than variation in received power due to the lack of spatial uniformity in the chamber. This approach may be used for measurements of power-based metrics such as total radiated power (TRP) and total isotropic sensitivity (TIS). The method utilises a 'worst-case' test object with a form factor equal to the largest lossy object to be placed in the chamber during device testing to determine the proximity effect. With this loading in place, the procedure determines the minimum allowable distance that an antenna may be placed with respect to the absorbing object.
The proposed method utilises repeated measurements of the chamber's transfer function and estimation of the corresponding uncertainty due to the lack of spatial uniformity. Thus, we first briefly discuss in Section 2 well-established methods to estimate these quantities when testing large-form-factor devices. We then illustrate how the test set-up, including antenna orientation and placement with respect to lossy objects can affect the significance IET Science, Measurement & Technology Special Issue on Recent Developments on the Use of Reverberation Chambers for Testing Wireless Systems of the proximity effect on the measured chamber transfer function. In Section 3, we present the proposed test method for ensuring that antennas are placed sufficiently far from lossy objects. In Section 4, we provide an example of a TRP measurement of a large-form-factor M2M device transmitting with the wideband code-division multiple access (W-CDMA) protocol. We determine the uncertainty in the measurements of the transfer function and TRP in Section 5 and offer some concluding remarks in Section 6.
Determining the chamber transfer function
The chamber reference power transfer function G ref is used to calibrate a measurement of a power-based quantity of interest in a reverberation chamber by accounting for the losses in the chamber set-up. It is similar to the 'range path loss' for an anechoic chamber used in an OTA performance test [7, 8] .
Chamber set-up
The chamber set-up (e.g., see Fig. 1 ) consists of the transmit (reference) and receive (measurement) antennas, along with various mode-stirrers and fixtures, if used. The components of the set-up may affect the value of the measured transfer function, especially when the DUT is lossy and/or large. Thus, the user typically must implement the set-up before measuring the transfer function.
A primary consideration for any chamber set-up is that the chamber be physically large enough to maintain a separation of at least 0.5 l between the antennas (including the reference, measurement and DUT antennas) and the walls, stirrers, and other metallic fixtures in the chamber [9, 10] . The antennas themselves are also typically placed in the far field with respect to each other.
For the measurement of modulated signals, the user also must verify that the coherence bandwidth of the chamber set-up exceeds the bandwidth occupied by the signals that are to be transmitted by the DUT [14, [18] [19] [20] . If it does not, the chamber must be loaded with RF-absorbing material to broaden the coherence bandwidth. For the work presented here, we used the method of [19, 20] with a threshold of 0.5 and stepped mode stirring.
Note that large chambers are required for testing physically large DUTs and such chambers often have high quality factors (Q) and narrow coherence bandwidths. Consequently, for measurements of wideband modulated signals such as those using W-CDMA access protocols, a user often must load the chamber with additional RF absorber to lower the chamber Q to obtain a sufficiently wide coherence bandwidth [14, 19] .
Other considerations in the chamber set-up include the number and type of mode-stirring samples to ensure a sufficiently low uncertainty [10, 21, 22] , as well as the type of antenna, as discussed below.
Measuring the chamber transfer function
Once the chamber has been configured, the reference power transfer function may be determined from the scattering parameters measured over the frequency band of interest. For the measurements discussed here, the vector network analyser (VNA) was calibrated at the reference planes indicated in Fig. 1 . Other choices of the reference plane may be chosen as long as proper de-embedding procedures are used. S parameters are then measured over a complete mode-stirring sequence, which may include a combination of paddle, position, frequency and/or polarisation stirring. We will refer to each set of measurements, when averaged over a mode-stirring sequence and manipulated to estimate the reference power transfer function, as a single reference measurement sample. Several of these samples are collected at multiple locations and averaged to estimate the chamber's reference power transfer function [7, 8] and the corresponding uncertainty due to the limited number of mode-stirring samples and the lack of spatial uniformity. A single reference measurement sample made at reference-antenna position p may be expressed as
where G ref,p is formed from the ensemble average, denoted by k·l, of N mode-stirred measurements over F frequencies, η meas and η ref are the measurement and reference antenna efficiencies, respectively, and Γ meas and Γ ref correspond to the free-space antenna mismatch terms. The set of F frequencies typically corresponds to the frequency band over which the power-averaged quantity of interest will be calculated (e.g. a Cellular frequency band). The antenna efficiencies are often provided by the manufacturer and are assumed constant over mode-stirred sample n and antenna position p, but are often a function of frequency. The free-space antenna mismatch terms Γ meas and Γ ref can be estimated from manufacturer's data sheets, although the uncertainties because of manufacturing tolerances may be difficult to incorporate. These terms may also be estimated from anechoic-chamber measurements or, as we do here, from the ensemble average taken over all mode-stirred positions N and reference measurement samples P as
where x = 1 or 2 depending on the port on the VNA to which the corresponding antenna is connected. Note that all quantities in (1) and (2) are frequency dependent. To improve our estimate of the chamber's reference power transfer function, we average over frequency, after first verifying that the quantities do not have a significant deterministic trend over the band of interest. For many OTA measurements, the same measurement antenna is used for both the chamber characterisation and the DUT measurement and, consequently, the efficiency of the measurement antenna in the reference measurement cancels when the DUT performance is assessed (see Section 4) . Note that the uncertainty associated with both of these terms will not cancel, and both instances must be added in a root-sum-of-squares fashion in the uncertainty analysis.
The average of G ref,p over P reference measurement samples may be given by
where G ref provides an estimate for the reference power transfer function for a given chamber set-up for arbitrary reference and measurement antenna positions and polarisations in the chamber. Note that our estimate of G ref is solely a function of antenna position p because each value of G ref,p is formed from the ensemble average over frequency and mode-stirring position. This estimate is only valid when the G ref,p samples are taken within the working volume of the chamber and are not affected by the proximity effect, as discussed below. The proximity effect can be assessed through its impact on uncertainty due to the lack of spatial uniformity, which is discussed next.
Uncertainty in G ref due to the lack of spatial uniformity
The variability of G ref,p for a single sample p over a stirring sequence consisting of N mode-stirred samples is defined by the characteristics of the chamber and the measurement set-up. Ideally, for a given chamber loss and stirring sequence, the standard deviation in the measured field (or power) should be equivalent throughout the working volume of the chamber. However, when loaded with RF-absorbing material, the spatial uniformity decreases [4, 14] and the standard deviation of the P samples of G ref,p increases. Thus, an increase in the standard deviation of G ref can be used as a metric to describe the reduction in spatial uniformity due to the loading [4, 5, 8, 21, 22] . To characterise the spatial uniformity related to a given reverberation chamber set-up, the standard deviation in the mean of the P measurements of G ref,p is found. If platform stirring, where a rotating platform moves the reference antenna and/or DUT, is used in the mode-stirring sequence, the reference antenna may be changed to multiple heights and/or orientations, or the platform may be moved to various locations within the chamber [8, 21 ] to obtain P positions. The P positions should be chosen such that the correlation between reference measurement samples falls below a specified threshold. This can be determined by calculating Pearson's cross correlation to detect any first-order correlation [23] . In the present work, we used a correlation threshold of 1/e.
The standard deviation of the P samples of G ref,p , due to the lack of spatial uniformity, is then given by
Note that both the number of mode-stirring measurements and the variation in the estimate of G ref due to the lack of spatial uniformity will affect the value of s G ref .
Based on a significance test [24] , we found that the variation because of the lack of spatial uniformity was typically the dominant component of uncertainty in an estimate of G ref for all loading cases due to the large number of mode-stirring samples that are generally used. In this case, and when all reference measurement samples are uncorrelated, the standard uncertainty u G ref for P reference measurement samples may be found to be [24] 
To express (5) in terms of decibels relative to the mean value of G ref , we find
This representation for uncertainty is utilised in this work. Under high loading conditions or for low-Q chambers, the chamber stirring mechanisms become less efficient and the mode-stirring positions may become correlated. In [21, 22] , methods were developed to estimate the standard deviation in G ref,p or G ref when some of the mode-stirring measurements are correlated. Alternatively, the number of effective mode-stirring measurements from a set of measurements can be estimated as described in [25] [26] [27] . Either of these methods may be used in place of (4) to find the standard deviation in the reference power transfer function for a reverberation chamber measurement.
To illustrate the dependence of s G ref on loading, we loaded a reverberation chamber with 60 cm × 60 cm × 15 cm RF-absorbing blocks and calculated the value of s G ref as a function of the number of blocks. In Fig. 2 [27] , where this value changed for each loading case. Each value of G ref,p was averaged over F frequencies. Our goal was to determine the variability due to the lack of spatial uniformity, rather than the frequency variability or the variability because of the number of mode-stirred positions.
The measurement results presented in Fig. 2 were based on N = 72 mode-stirrer samples in a 4.6 m × 3.1 m × 2.8 m reverberation chamber with one mechanical mode stirrer that traces out a cylinder having a radius of 0.50 m and a height of 2.10 m. We acquired F = 1035 frequency samples spaced by 140 kHz across the personal communications service (PCS) wireless spectrum band (1850-1995 MHz). The unloaded Q of this chamber is ∼ 1.1 × 10 4 for the PCS band. Fig. 2 shows a standard deviation in the order of 1 dB for seven absorbing blocks and 2 dB for the very heavy loading condition of 14 blocks. Note that 14 RF absorbers far exceed the loading that any realistic large-form-factor M2M device is likely to present to the chamber. Clearly, the lack of spatial uniformity due to the loading can be significant in the measurement of a wireless device in a large reverberation chamber.
Proximity effect test procedure
In addition to the reduction in spatial uniformity introduced by a large DUT or other chamber loading, placement of an antenna near to a physically larger, lossy object may result in systematic errors in determining G ref because of the proximity effect [4] [5] [6] . As stated above, the proximity effect arises when a lossy object blocks part of an antenna's radiation pattern, reducing the energy in the reverberation chamber before it interacts with the walls and mechanical mode-stirrers. The work in [4] indicates that the proximity effect is negligible for metallic DUTs of any size.
Determination of proximity effect from measurements of spatial uniformity
The proximity effect is not strictly a function of electrical distance between the antenna and lossy object but depends also on the 
Instead, we developed an empirical method to assess whether the P measurement samples that form G ref are significantly influenced by the proximity effect. 'Significance' in this case is defined as a measurement of the reference power transfer function that falls outside the interval G ref + 2.31 u G ref when the reference antenna is placed in close proximity to lossy objects in the chamber. The value 2.31 corresponds to a 95% confidence interval for a set of nine samples [24] .
In this method, G ref is found from a set of P = 9 samples with the reference antenna located at a proposed distance from the lossy objects in the chamber. Then, a set of auxiliary reference measurements is made with the reference antenna placed closer to and oriented towards the largest absorbing object in the chamber. The largest absorbing object may be a lossy DUT or it may consist of RF absorber that loads the chamber to broaden the measurement coherence bandwidth. With this method, the chamber set-up can be pre-characterised to determine an acceptable minimum distance between the reference antenna and the DUT for future measurements. This could be done by loading the chamber with a stack of absorbers having dimensions at least as large as the largest DUT to be tested. The proximity effect should be more significant for RF absorber than for DUTs, which often have metal surfaces. Thus, the test conducted with RF absorber should provide a worst-case minimum separation between antennas and future DUTs.
1. The DUT and RF absorbers, if used, are placed in the chamber at the locations which will be used during the DUT measurements. 3. The reference antenna is then positioned closer to and, if a directional antenna is being used, aimed towards the lossy object (absorber and/or DUT), as shown in Fig. 3 . The reference antenna is moved towards the lossy object and far enough from the last set of reference measurements that all samples from the two sets are uncorrelated. This is again verified by use of Pearson's cross correlation function [23] . 4 . A set of P = 9 auxiliary reference measurement samples are acquired. A new transfer function G ref, aux is calculated from the auxiliary measurements by use of (1) and (3). 5. The standard uncertainty from (5) If these intervals do not overlap, the reference antenna must be placed farther from the lossy object or objects. The procedure is then repeated until an acceptable antenna placement is found.
The procedure, summarised below, is described in terms of the reference antenna. However, the same procedure could be used to assess whether the measurement antenna placement is significantly affected by proximity to lossy objects as well.
An example is shown in Fig. 4 for G ref, aux measured 65 and 25 cm from four RF-absorbing blocks. A directional reference antenna was aimed directly towards the absorbing blocks to illustrate the proximity effect. We see that the two intervals clearly do not overlap when the reference antenna is placed 25 cm from the lossy object. At 65 cm, the intervals nearly overlap. Thus, for this chamber configuration, the reference antenna should be placed further than 65 cm from any absorbing object in the chamber. A final auxiliary measurement may be needed to confirm this, depending on the application.
Antenna type and proximity effect
The proximity effect is highly dependent on the antenna set-up that is used. Set-ups that employ a directional reference antenna can be more sensitive to it than those that utilise an omnidirectional antenna. A summary of various antenna configurations is presented in Fig. 5 . For the P = 9 reference measurement samples, the reference antenna was positioned 88.0 cm away from a stack of 14 RF absorbers. The auxiliary measurements were taken for reference-antenna distances between 17.5 and 70 cm from the absorbers.
For the measurements shown in Fig. 5 , in Configuration 1, the directional antennas were two identical dual-ridged horns. The directional measurement antenna was aimed at the mode-stirring paddle to minimise the acquisition of the unstirred energy in the chamber. For the G ref measurement, the directional reference antenna was aimed toward a wall (away from the measurement antenna), and for the G ref, aux measurement, it was pointed towards the RF absorber (to maximise the proximity effect). For Configuration 2, with two omnidirectional antennas, we used a Fig. 3 To test for the proximity effect, the reference antenna is moved closer in proximity to the DUT. If the reference antenna is directional, it is oriented towards the DUT. The results shown in Fig. 5 indicate that, for this measurement set-up, the proximity effect is significant for the configurations with a directional reference antenna, but not for the set-ups with an omnidirectional reference antenna. Furthermore, Configuration 3 illustrates that the combination of a directional measurement antenna and omnidirectional reference antenna provides the lowest value of uncertainty due to the lack of spatial uniformity for this set-up. Consequently, in Sections 4 and 5, we used a dual-ridge horn measurement and discone reference antenna set-up for all reference measurements, unless noted otherwise.
4 Proximity effect and radiated power for a large-form-factor M2M device
Total radiated power
We used the chamber set-up and proximity-effect techniques described above to estimate the TRP from a large-form-factor M2M trash compactor device [28] . The device was configured to transmit with the W-CDMA access scheme. The chamber set-up is illustrated in Fig. 6 . Six blocks of RF absorber were added to the chamber to widen the coherence bandwidth of a 3.84 MHz W-CDMA signal. Note that this added RF-absorber loads the chamber significantly and, hence, we needed to determine whether or not the proximity effect would introduce errors into the estimate of TRP.
The dimensions of the M2M trash compactor are 1.28 m × 0.70 m × 0.58 m. The outside shell of the trash compactor consists of metal side walls with a solar panel on the top [28] . Residing below the solar panel are the communications hardware and an integrated antenna. This device, the reference antenna and the measurement antenna were placed more than 0.5 l from the metallic surfaces of the chamber and the mode-stirring paddle.
For the reference measurement and proximity-effect test, we measured the S-parameters with the trash compactor and the six blocks of RF absorber inside the chamber. The VNA settings are given in Table 1 . Nine reference measurement samples were taken with N = 72 paddle angles. We acquired 101 and 145 frequency samples with a Δf of 1 MHz over the Cellular and PCS bands, respectively. The omnidirectional reference antenna was placed more than 72 cm from the RF absorbers. We verified that the nine reference measurement samples were uncorrelated by calculating Pearson's cross correlation and calculated the antenna mismatches with (3) (1), (3) and (4). We then took nine auxiliary measurements with the reference antenna placed 36 cm from the RF absorbers.
As shown in Fig. 7 for the PCS wireless spectrum band, the interval G ref,aux ± 2.31 u Gref,aux overlaps with the interval Table 2 , where the data have been averaged over the frequencies in the Cellular and PCS wireless communication spectrum bands, respectively.
The radiated power from the DUT was then measured by establishing a connection between the DUT and a base-station simulator (BSS). We configured the BSE to request maximum power from the DUT and then measured the integrated channel power with a spectrum analyser (SA) for a complete mode-stirring sequence of N = 72 stepped paddle angles. A summary of the settings for the VNA, BSE and SA as per [7] is provided in Table 1 .
We estimated the TRP of the DUT by [8, 22] (6) where P TRP denotes the power radiated by the DUT over the frequency band of interest, P r is the measured power at the receiver (BSE or SA), which implicitly averages over the frequency range corresponding to the integrated channel power bandwidth when it reports the measured power. If a frequency selective receiver were used, it would be possible to obtain a frequency selective estimation of radiated power by eliminating the frequency averaging in (1) and (2). We used an SA with the settings given in Table 1 to measure the TRP, whose value is not explicitly reported in this publication. The TRP performance of the transceiver in the top panel of the trash compactor was previously measured in an anechoic chamber. The last row in Table 2 compares results from the reverberation-chamber measurements to those from the anechoic tests for the Cellular and PCS wireless spectrum band. The differences are within 1.92 dB ± 1.6 dB for the Cellular wireless spectrum band, and within 0.19 dB ± 1.4 dB for the PCS wireless spectrum band. Uncertainties for these measurements are determined in Section 4.2 below. Although this publication does not present a TIS measurement, the same chamber reference measurement procedure would be used for such a measurement.
Uncertainty analysis
To estimate the uncertainty in the values of G ref presented in Sections 2-4, we first conducted a significance test [24] . This required finding the number of uncorrelated mode-stirring samples for each value of chamber loading. To determine the number of uncorrelated paddle angles (from the paddle 'coherence angle' [19] ), we measured S-parameters with a step size of θ = 0.5°for one full paddle rotation, corresponding to N = 720. We did this for three antenna locations and calculated the circular autocovariance [27] . A threshold of 0.5 was used for the autocovariance above which the paddle angle was said to be coherent. The effective number of uncorrelated mode-stirring samples was found from
where θ coh is the coherence angle and N eff is the number of uncorrelated samples that can be obtained from one full paddle-stirrer rotation. The values for N eff and u G ref based on P = 3 antenna locations for two chamber loading values are given in Table 3 . Based on these values of N eff , the results of the significance test confirmed that our use of (4) and (5), which are functions of only the P reference measurement samples, was appropriate. The contributions to the uncertainty, u G Ref , for the reference measurement used in the TRP example is summarised in Table 4 . The values for G ref were averaged over 101 frequencies, spaced 1 MHz apart for the Cellular band, and 145 frequencies in the PCS band, for P = 9 reference measurements. The values for u G ref were found from (5). Table 4 also shows the contributions to the uncertainty, u DUT in the DUT measurement. The values for u DUT were found from (5) but with P = 1 to reflect the single location for the DUT measurement. For the DUT measurement, additional uncertainty contributions include the uncertainty in an integrated channel power measurement for the SA used. As given by the manufacturer, this is typically 0.18 dB. Uncertainty in the measurement of cable losses G cable , are the same as those for the VNA measurement. We have also included a miscellaneous uncertainty contribution of 0.10 dB for both the reference and DUT measurement, as is done in [7] .
The combined uncertainty in P TRP from (6) is found from u G Ref and u DUT added root-sum-squares [24] as
The total expanded uncertainty [7, 8] for the TRP measurement is given at the bottom of Table 4 for the two frequency bands. These values fall within the maximum allowable measurement uncertainty of 2.0 dB for anechoic chambers in [7] . This indicates reverberation chambers may be suitable for TRP testing of large-form-factor M2M devices.
Note that, for our measurement set-up, the uncertainty due to lack of spatial uniformity is on the same order of magnitude as other components of uncertainty. Thus, a reduction in the VNA measurement uncertainty, for example, would have a significant impact on the combined uncertainty in the reference measurement.
Conclusions
We developed an empirical technique to characterise the proximity effect for OTA testing of lossy large-form-factor M2M devices. The proximity effect is difficult to model because it depends on the radiation pattern and orientation of the antenna, the physical size of absorbing objects in the reverberation chamber, as well as the proximity of the absorbing object to the antenna. We developed a measurement-based approach where reference measurements are made, first at a proposed antenna location, and then closer to absorbing objects in the chamber. A significant change in G ref when antennas are placed near lossy objects indicates that the proximity effect has affected the estimate of G ref .
Significance is defined in terms of uncertainty bounds arising from the lack of spatial uniformity for a given chamber configuration. The uncertainty due to the lack of spatial uniformity is typically characterised during a wireless device measurement, and the technique presented here can leverage this existing test method. 0.58 dB misc. uncertainty from [7] 0.10 dB Combined Uncertainty expanded with 1.96 coverage factor trash compactor, Cellular band 1.62 dB trash compactor, PCS band 1.36 dB a Estimated from [7] To illustrate the proximity-effect characterisation technique, we performed TRP measurements of a large-form-factor M2M trash compactor. The TRP performance of the trash compactor in the large chamber agreed to within 1.9 dB with a TRP measurement of the top panel of the trash compactor made in an anechoic chamber.
We estimated the uncertainty in the TRP measurements. Results showed that the uncertainties do not exceed the maximum allowed uncertainty of 2.0 dB in current anechoic chamber test methods, illustrating the use of reverberation chambers to perform OTA tests of large-form-factor M2M devices.
The technique described here may be used in a predictive manner to pre-characterise a chamber set-up for future DUT testing. In this process, the proximity effect would be assessed for a stack of RF absorbers having dimensions equal to or larger than the largest object to be tested in the chamber. This configuration would simulate conditions that are expected to provide the worst-case proximity effect and the corresponding minimum useable separation between the antennas and future DUTs.
